Introduction
Compassionate use, also called expanded access, provides an important pathway for patients with life-threatening conditions to gain access to unapproved investigational drugs, biologics and medical devices. According to The European Medicines Agency (EMA), compassionate use is defined as "the use of an unauthorized medicine outside a clinical trial in individual patients under strictly controlled conditions" [1] . Although the United States (US) and the countries of Europe Union (EU) have mechanisms associated with the use of unapproved products, as of May 2015, there was no equivalent mechanism in Japan; instead, unapproved products are used under a physician's discretion via the Japan Medical Practitioners' Act or other mechanisms such as Advanced Medical Care B [2] . However, there are some issues and questions to consider under the current circumstances in Japan, as follows: (A) it is difficult for the local regulator to monitor the usage of unapproved products; (B) there is no information collected on the safety and efficacy of these products to protect patients; (C) it is difficult to assure the quality of the products; (D) it is difficult for patients to obtain detailed information about unapproved products and their availability; and (E) it is not clear who should cover the cost of unapproved products.
In this paper, we conduct an assessment of the current compassionate use and expanded access-related mechanisms in the US, EU and Japan with regard to drugs, medical devices and biologics, including human cells and tissue products, and discuss the benefits and issues of these mechanisms.
Methods
The information regarding the United States Food and Drug Administration (FDA) expanded access program for drug, medical device and biologics was obtained from the relevant FDA website [3] . The information regarding compassionate use mechanisms in the EU was obtained from the EMA websites [4] . The information regarding France's compassionate use programs was obtained from the French National Agency for Medicines and Health Products Safety (ANSM) websites [5] . The information regarding Germany's compassionate use was obtained from the Federal Institute for [7] . Other information was obtained from the literature [8, 9] .
Results

Overview of the compassionate use of drugs
The FDA expanded access programs for drugs are summarized in Table 1 [9e11]. Within the FDA, there are four main mechanisms used e "Emergency Use Investigational New Drug (IND)/protocol," "Individual Patients IND/protocol," "Intermediate-Size Patient Populations IND/protocol" and "Treatment IND/protocol," depending on the urgency, the number of patients whom the product is applied to, when it can be used and the necessity of prior FDA approval. Each mechanism has two types of submission, namely, the submission of an original IND application and the amendment of an IND protocol approved previously. Each mechanism is defined by respective regulations. For the application of the expanded access program, some requirements must be satisfied, i.e. the patient is serious or life-threatening with no alternative therapy, the potential patient benefit must justify the potential risks, and there must be no interference with market approval or potential development [ 2) Manufactured and assembled in accordance with the specification of a person who is a doctor, dentist, nurse independent prescriber, pharmacist independent prescriber or supplementary prescriber. 3) For use by a patient for whose treatment that person is directly responsible in order to fulfil the special needs of that patient; and meets the conditions specified in regulation 167 (2) 
The cost of unapproved drugs
In the US, a sponsor, who takes responsibility for and initiates a clinical investigation (e.g., an individual or pharmaceutical company, governmental agency, academic institution, private organization, or other organizations), is permitted to charge patients for the costs under the requirement of charging the FDA for the expanded access program (21 CFR 312.8). In the EU, for example France has a rule that sponsors may request the country to support the costs [12] . Fig. 1 shows the mechanism that can be applied to the drug development phase of the cycle, referring to "when can it be used" in Tables 1 and 2 . In the US, the "Emergency Use" and "Individual Patients" mechanisms are applicable to all phases. In contrast, "Intermediate-Size Patients" and "Treatment IND/Protocol" mechanisms are used during the clinical trial or after the clinical trial phase.
Compassionate use mechanisms in the drug development phase
Overview of the compassionate use of medical devices
The FDA expanded access programs for devices are summarized in Table 3 [17e19]. There are four categories of medical device expanded programs that depend on the urgency, the number of patients, when it can be used, and whether prior FDA approval is required.
The "Emergency Use" mechanism is used for individual patients [21 CFR 812.35(a)]. The following criteria must be satisfied: (1) the patient has a life-threatening condition; (2) there is no alternative therapy; and (3) there is no time to obtain FDA approval in advance.
Another mechanism for individual patients is "Compassionate Use (Individual Patient Access)", which is used for an individual patient or a small group of patients [21 CFR 812.35(a)]. The following criteria must be satisfied in this case: (1) the patient(s) has a serious disease or condition; and (2) there is no alternate therapy. Preapproval of the FDA is required to use this mechanism. Another mechanism is the "Treatment Investigational Device Exemption (IDE)" (21 CFR 812.36). This is a wide access mechanism. The number of patients whom the product is applied to is dependent on a patient or physician's need. This mechanism can also be used during the clinical trial phase. Its criteria are as follows: (1) the patients have life-threatening or serious disease; (2) no alternate therapy is available; (3) a controlled clinical trial for the device is in progress; and (4) the sponsor is pursuing market approval. The last mechanism is "Continued Access." This mechanism is for patients who did not join a clinical trial for the device, and it is assumed that it should be applied after the clinical trial is complete. Its criteria are public health need or preliminary evidence of the effectiveness of the device without significant safety concerns. Pre-FDA approval is required for this mechanism. The number of patients able to apply is the same as the number enrolled in the clinical trial; therefore, the same population of the pivotal trial is included.
In the EU, there is no related mechanism because Conformit e Europ eenne (CE) marking needs to be affixed before all medical devices are used.
The cost of unapproved medical devices
The US Investigational Device Exemption (IDE) regulations permit sponsors to charge for an investigational device; however, the charge should not exceed the amount that is necessary to cover the costs of the manufacturing, research, development, and handling of the investigational device [21 CFR 812. Fig. 2 shows the mechanism to be applied in each phase of the medical device development cycle, referring to "When can it be used" in Table 3 . In the US, the "Emergency Use" mechanism is applied to all phases. In contrast, the "Compassionate Use (Individual Patient Access)," "Treatment Use" and "Continues Access" mechanisms are applied during or after clinical trials. Table 4 summarizes the mechanisms for unapproved biologics, including human cells and tissue products, in the US and the EU. The US applies the same mechanism used for drugs and the EU has a standalone mechanism, Advanced Therapy Medicinal Product (ATMP) [21] . (Fig. 4) . (Fig. 6 ).
Compassionate use mechanisms in the medical device development phase
Mechanisms for unapproved biologics in the US and the EU
The number of expanded access and compassionate use cases
Japan Advanced Medical Care B
There is no compassionate use mechanism in Japan, but there is a program called "Advanced Medical Care B", through which patients can access unapproved drugs or medical devices. The main purpose of the program is to have the public insurance cover the cost of the basic medical care in therapies using unapproved products, which leads to the reduction of the patient's financial burden [2, 22] .
Japan will also be introducing a new mechanism under which patients only have to cover the cost related to unapproved products, called a patient-requested cure system (kanjya moushide ryouyou) [22] .
Japan also plans to launch a new compassionate use program. It will mainly be for patients who are interested in using unapproved products but not able to join any clinical trials because of outside criteria. This program will enable patients to have improved access to unapproved drugs as treatment options. In the scope of this program, unapproved drugs will possibly include not only products that other countries agencies' have approved but also products in development in Japan. In this program, patients that do not meet the inclusion criteria of clinical trials are able to use unapproved products after the products' indication and usage or dosage and administration are confirmed [23] . ) The patient or patients to be treated have a serious or immediately life-threatening disease or condition, and there is no comparable or satisfactory alternative therapy to diagnose. 2) The potential patient benefit justifies the potential risks of the treatment use and those potential risks are not unreasonable in the context of the disease or condition to be treated. 3) Providing the investigational drug for the requested use will not interfere with the initiation, conduct, or completion of clinical investigations that could support marketing approval of the expanded access use or otherwise compromise the potential development of the expanded access use.
1) Preparation on a non-routine basis.
2) Preparation according to specific quality standards (equivalent to those for ATMPs with a centralized marketing authorization). Source: DCVax-L <http://www.nwbio.com/nw-bio-announces-two-german-approvals-hospital-exemption-for-early-access-program-with-dcvax-l-and-eligibility-of-dcvaxl-for-reimbursement/>.
Unapproved product use in pandemic cases
Expanded access and compassionate use programs are provided from a humanitarian point of view. In contrast, pandemic cases such as the recent Ebola virus outbreak are matters of national security. The EU, US and Japan have options for emergency use authorization in such crises (Article 5.2 of DIRECTIVE 2001/83/EC, US Project Bioshield Act, and Article 23.2.8 Japanese Pharmaceutical Affairs Act).
Discussion
In both the US and the EU, there are multiple mechanisms depending on the urgency, the applicable phase or the number of patients needing unapproved treatments. Additionally, the mechanisms cover all phases from before IND or IDE submission to market authorization for the use of both unapproved drugs and medical devices in the US. In contrast, only drugs have mechanisms for compassionate use in the EU, and they are only applicable during or after the clinical trials because some evidence is required to confirm the safety and efficacy of the drugs. There is no compassionate use program for medical devices in the EU because CE marking is required before medical device products can be used.
For example, an assessment report of ChondroCelect ® refers to the results of compassionate use to indicate the safety of products in their reports [24] . Additionally a summary of the safety and the effectiveness data of the Relay ® Thoracic Stent-Graft with Plus
Delivery System [25] , Syncardia temporary CardioWest™ Total Artificial Heart (TAH-t) [26] , and EXCOR ® Pediatric Ventricular Assist Device [27] was provided (Table 3) . In clinical trials, there are two main categories: experimental studies, including randomized controlled trials and controlled clinical trials and observational studies including cohort and case control studies. From an evidence level perspective, randomized controlled trials provide the highest level of evidence, followed by controlled clinical trials, cohort studies and case control studies. From a methodological point of view, clinical trials are regarded as the only means of obtaining reliable and interpretable efficacy and safety data of a medicinal product (EMEA/27170/2006). In principle, only approved drugs and medical devices should be used. To obtain market authorization, we need to conduct experimental studies such as clinical trials, including randomized controlled trials and controlled clinical trials, which often provide high levels of evidence. However, it is also important to have special mechanisms such as compassionate use and expanded access in place for the use of unapproved products to save patients with lifethreatening conditions. Recently, "Right to Try" laws were introduced by some states in the US [9, 28] so that patients could obtain easy access to unapproved products. The data and results from the use of unapproved products should be informative to evaluate their safety and efficacy which could help accelerate the market approval and could reduce the number of patients needed in clinical studies. Especially for cellular and tissue-based products, the experiences of compassionate use should be quite informative, because it is often difficult to conduct a strict experimental study, such as randomized controlled trials and controlled clinical trial, and because non-clinical studies are not so predictive for their safety and efficacy.
In such cases, the results of an observational study are more important than those of drug trials, and we can use the results from compassionate use as a subtype of observational study.
Recently, some discussions have shown that observational studies also provide reliable efficacy and safety data [29, 30] . As shown in Fig. 3 , there is not an increasing trend in FDA expanded access cases for drugs; however, Fig. 5 shows an increasing trend in FDA expanded access cases for vaccines, blood and biologics, as more regenerative therapy products, such as human cells and tissue products, enter the markets.
The following are considerations that address concerns regarding the use of unapproved products.
A: It is difficult for the local regulator to monitor the usage of unapproved products.
The US and EU compassionate use mechanisms require approval by regulators so that they will know which type of products will be used under compassionate use and expanded access programs. An approval process for the use of unapproved products is required for regulators to monitor the use of unapproved products. B: there is no information collected on the safety of these products to protect patients.
The US regulations require a vigilance report on the adverse events of approved products. That process helps regulators collect safety information on unapproved products (e.g., for the US, 21 CFR 312.32 for IND in Table 1 , 21 CFR 812.150 for IDE in Table 3 ). We need a clear process for reporting adverse events. We could use an existing process for market-approved products for unapproved products as well. C: It is difficult to assure the quality of the products.
The US expanded access submission requires a description of the facility where the drug will be manufactured (21 CFR 312.305). Thus, if physicians and companies encounter any quality issues with unapproved products, they are able to contact the manufacturer. We need a similar traceability process. We also need to ensure the quality of unapproved products through mechanisms such as the Good Manufacturing Practice (GMP) system. D: It is difficult for patients to obtain detailed information about unapproved products and their availability.
Patients who are interested in joining compassionate use or expanded access programs should be able to access the necessary information to find out which types of unapproved products are available under these programs.
In the US, available unapproved products under the expanded access programs are found on the U.S. National Institutes of Health e ClinicalTrials.gov website [11] . Patients are able to check the database and can find information on any clinical trial using unapproved products that they are interested in. However, there is no strict rule for physicians to register in the database, so the information is limited. We should share all of the necessary information with patients who are interested in using unapproved products. E: It is not clear who should cover cost of unapproved products?
As shown in Tables 1 and 2 , a provider of an unapproved product, such as a pharmaceutical or medical device company, may charge the patients for the cost of the unapproved product. However, in some cases, the manufacturers should donate the products for free because they have a life-saving compassionate purpose. We need to develop a rule for unapproved products that benefits manufacturers for providing their products, even for free. For example, in France, the country covers the cost of unapproved products.
Conclusion
There are various compassionate use-associated mechanisms for both drugs and medical devices in the US and the EU. The main purpose of these mechanisms is to save patients with lifethreatening conditions with no other approved alternative therapy options. Another important benefit could be to provide safety and efficacy information to support future market authorization. However, there are some cases in which companies decline requests from patients to provide unapproved products because they want to avoid the risk of the use of products before confirming their efficacy and safety in clinical trials. In these cases, companies are criticized for not providing the products to patients with lifethreatening conditions [31, 32] . We propose comprehensive mechanisms that consider the risks and benefits to the patients interested in using unapproved products and the companies providing the products.
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